We have developed a procedure for digital im aging of the exposed cerebral cortex during elution of a fluorescent dye. This avoids disturbing the cortex and has provided a method for the repeated estimation of regional CBF (rCBF) with a high topographical resolution. Under varying conditions of MABP and arterial blood gases, grey-level images of the exposed cortex irradiated with ultraviolet light (340 or 370 nm) were digitised (8 bits) at 15-s intervals after the injection of 1-2 ml of saturated umbelliferone solution into the lingual or external carotid artery of anaesthetised cats and rabbits. Specifically de signed software allowed (a) regions of interest (ROIs) in the exposed cortex to be defined that were automatically applied to the sequence of images in a selected clearance and (b) solution of the initial slope equation for rCBF from the decay in grey-level fluorescence by exponential regression. Separate software that solved the equation at the level of a single pixel allowed a pseudocolour map of cortical rCBF to be generated. The factors affecting the resolution of this technique have been identified and
quantified. Thus consistent and reproducible results were obtained provided that the fluorescence enhancement ex ceeded 20 grey levels and the r2 coefficient for regression was 90% or above. Mean rCBF values of 99.5 [95% con fidence interval (CI), 89.4-110] ml 100 g-I min -I were obtained for rabbits (N = 12; mean MABP = 75.2; mean Paco2 = 32.9;Pao2 = 111.8; pH 7.38) and 65.1 (95% CI, 55.1-75.1) Inl 100 g-I min-I for cats (N = 8; mean MABP = 92.8; Paco2 = 31.5; Pao2 = 114.6, pH 7.40). The method registers the cerebrovascular responses of autoregulation and CO2 reactivity and can detect tran sient changes in rCBF induced by direct cortical stimu lation. Early experience suggests potential use of the method for the monitoring of changes in regional rCBF during ischaemia and for sequential measurement of changes in cortical perfusion in any study where a high topographical resolution is needed. Key Words: Digital Cortical Imaging-Fluorescence-Regional CBF U mbelliferone. Obrist and Wilkinson, 1990) , and laser Doppler flowmetry (Florence and Seylaz, 1992) ]. The most widely reported and relatively simple method of hydrogen clearance is invasive, and the varying effects of electrode cortical puncture, elec trode size, and the chronicity of electrode implan tation on regional cerebral blood flow (reB F) esti mations are well documented (Scremin et a!., 1973; Rosenblum, 1977; Lauritzen, 1984; Benveniste et a!., 1987; Jackowski et aI., 1989; Tomida et aI., 1989; Piper et a!., 199 1; Verhaegen et aI., 1992) . An experimental method is needed for reBF estimation that is noninvasive, has a good spatial resolution, and can be used repeatedly in a given experiment. Rapid-sequence magnetic resonance imaging during contrast injection is under development and is ex pected to achieve this but is prohibitively expensive (Ewing et aI., 1989; Edelman et aI., 1990; Lee et aI., 199 1) .
In this communication, we describe a relatively new and inexpensive technique in which digital im aging of the exposed cortex during the elution of the freely diffusible fluorescent dye umbelliferone al lows rapid and repetitive regional rCBF measure ments. Enhancements to the computer software have provided quantified pseudocolour flow maps of the cortex that facilitate direct visual recognition of focal changes in cortical rCBF. The use of the technique for monitoring the evolution of rCBF changes occurring during global ischaemia is dem onstrated, and the ability to detect transient changes in rCBF in response to direct cortical stim ulation seen. A similar technique has already been adopted for rCBF and pH estimations from super ficial rabbit cortex (Anderson et aI., 1992) . While the rCBF values from larger regions of interest re ported by this group showed consistency, estima tions from microscopic focal regions showed a high degree of heterogeneity during normocapnia. Fur ther, the reported absolute values for rCBF derived from the rabbit model (42-49 ml 100 g -I min -I) were considerably lower than those obtained using our methodology (89-11 0 ml 100 g -I min -I). The purpose of this communication is to address the methodological factors that affect the resolution of the technique and to define the requirements nec essary for reliable and consistent rCBF estimations. The methods by which quantitative images might be generated from the raw clearance data are not con sidered here, and we restrict the illustration of data obtained and possible applications to two simple examples. Early experience with the technique has been reported in abstract form (Strong et aI. , 1992; Kirkpatrick et aI., 1993) .
METHODS

Animal preparations
Cat. Fourteen cats weighing between 3.6 and 4.5 kg were starved overnight, and anaesthesia was induced with a 4% halothane/nitrous oxide/oxygen gaseous mix ture. Endotracheal intubation was carried out after spray ing the larynx with 1 % lignocaine, and anaesthesia main tained on a Harvard rodent ventilator with 1-2% halo thane in a nitrous oxide/oxygen (60:40) mixture. The femoral vessels were cannulated (Portex) for continuous measurement of MABP on a multichannel pen recorder (Rikadenki) for arterial blood gas (ABG) sampling and for administration of drugs. Spontaneous ventilation was suppressed with atracurium besylate 4 mg/kg/h; (Trac rium, Wellcome), and ventilation adjusted to achieve physiological Pac02, Pa02, pH, and MABP.
The right lingual artery was exposed and cannulated for administration of 0.184% saturated solution of umbellif erone (Sigma) to the rete mirabile and right cerebral hemi-sphere (Holmes et al., 1958) . The head of the animal was rigidly fixed in position with a nasal clamp, and the scalp and temporal muscles over the right temporoparietal re gion were removed. A craniectomy was fashioned with a high-speed drill, and the dura was opened to expose the ectosylvian, suprasylvian, and marginal gyri. The scalp was hitched to a head crown, and the surface of the brain was covered with warm (37.SOC) mineral oil to a depth of approximately 0.5 cm. The brain surface temperature was monitored with a temperature sensor and maintained be tween 37 and 38°C by direct electric lamp illumination between imaging sequences. The animal's core tempera ture was monitored using a rectal digital thermometer, and normothermia maintained with a Harvard Homeo thermic Blanket Control Unit.
Rabbits. Twenty New Zealand White rabbits weighing between 3.1 and 3.6 kg were used for the study. Induction was with 0.9% alphalaxalone/0.3% alphadalone acetate (Saffan, Pittman Moore) administered intravenously (2-4 ml over 2 min). Animals were tracheostomised, paralysed with atracurium (4 mg/kg/h), and mechanically ventilated, and anaesthesia was maintained with 1-2% halothane in a nitrous oxide/oxygen (60:40) mixture. The femoral artery was cannulated for MABP measurement and blood sam pling as above.
The common carotid artery in the neck was isolated and the internal and external divisions were identified. The external carotid artery was cannulated, and the pe ripheral branches were ligated and divided. This allowed the retrograde administration of umbelliferone to the in ternal carotid artery, which carries the main blood supply to the anterior circle of Willis in the rabbit (Jeppsson and Olin, 1960) . With the animal's head fixed within a nasal clamp, a wide temporoparietal craniectomy was fash ioned. The exposed brain was protected with mineral oil and surface and core temperatures maintained as de scribed for cats.
Cortical imaging or umbelliferone clearance
The exposed cortical areas were irradiated with filtered ultraviolet light (340 or 370 nm) generated by a 75-W xe non lamp (Photon Technology International) and deliv ered with a liquid light guide. The umbelliferone fluores cence signal from the irradiated cortex was imaged with an intensified charge coupled device camera (Prostab, Maidenhead, U.K.) and digitised (Digital Imaging Sys tems DIS 3000, Newport, UK) to generate 512 x 512 pixel images with an 8-bit (256-grey level) fluorescence intensity scale. The image-grabbing sequence was coor dinated by specific software on a Dell 386SX computer. A baseline image was acquired before umbelliferone was administered (a bolus of 1-2 ml of a saturated solution warmed to 37°C), at which time a predetermined image grabbing sequence was started. The sequence adopted was as follows: Approximately 1-2 s after umbelliferone administration a fluorescence "flare" was seen in the cor tical vessels, at which point image grabbing was started. Images were taken at 5-s intervals for the first 20 s, lO-s intervals for the next 40 s, and 15-s intervals for a further minute (total clearance time, 2 min). Clearance of detect able levels of umbelliferone fluorescence was complete with in 5 min, allowing a maximum clearance frequency of 12/h.
Image storage and analysis
During an experiment up to 20 clearances were grabbed, with a total hard disk requirement of 64 Mbytes.
Images were stored on magnetic tape for later analysis (Alloy). Image analysis was carried out using specifically written software. Two methods were adopted for clear ance analysis, both leading to solution of the initial slope equation (Doyle et al., 1975; Risberg et al., 1975) .
(a) The first image of the umbelliferone clearance se quence was recalled and parenchymal regions of interest (ROIs) were delineated using the computer's mouse, tak ing care to avoid blood vessels. Up to 12 ROIs could be readily marked within the cortical exposure, which ranged in size from 0.45 to 24.3 mm 2 (mean, 15.1 mm 2 ).
The software provided for the calculation of the mean level of fluorescence in each ROI and subtraction of the baseline value from the same ROI. This was automati cally repeated for all images in the clearance sequence, and mean grey levels from each ROI were tabulated in temporal fashion. Data were entered into a spreadsheet (Quattro 4.0, Borland), and fluorescence grey levels plot ted against time (Fig. 1 ). This produced a graphical dis play of umbelliferone clearance and helped determine which segment of the datum profile represented true ex ponential parenchymal clearance. The first two or three datum points were often omitted if they showed a sharp rise and fall of signal intensity representative of vascular transit of dye ( Fig. 1 ). Eligible data were entered into a statistical package (Statgraphics) and exponential regres sion analysis was carried out. The quality of fit to a mo noexponential model was examined in terms of rand r.
(b) Sequential images of parenchymal exponential clearance of umbelliferone were analysed by the software on a pixel-by-pixel basis. The initial slope equation for each pixel was solved, allowing generation of a computer file in which the cortical map of rCBF was initially rep resented as a matrix of floating point values. These values were then mapped on a 1: 1 basis, to an 8-bit grey scale. Regional rCBF in a designated ROI could then be read directly from the mean grey values. Alternatively, using pseudocolour transformation (IBAS software), rCBF could be displayed as a colour image ( Fig. 4) .
As a check on the software, a sequence of featureless Only the datum points from 0.5 to 2.0 min postinjection were used for regression analysis. Fluorescence levels recorded from 0 to 0.25 min were discarded in this clearance, as they were considered to represent vascular transit of dye rather than parenchymal elution (see text).
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Baseline rCBF measurements
Under stable conditions of MABP, Paco2, Pao2, and pH, repeated images (mean number of repetitions, 6; range, 3-8) were obtained in each experiment during a 60-min period. Blood pressure and ABO measurements were taken (Instrumentation Laboratories Model 1304, Cheshire, UK) 1 min after starting the image grabbing sequence for each clearance. Comparisons between rCBF values obtained from successive clearances were made, and the variation between preparations within a given species was examined.
Tests for cerebral vasoreactivity and autoregulation
After baseline imaging, clearances were observed un der different conditions of P aco2 by alteration of the ven tilation minute volume and inspired CO2 content. In three rabbits MABP was lowered by progressive exsanguina tion (10 ml/min) to 20-30 mm Hg during stable pco2 and P02 and then allowed to recover by blood replacement.
RESULTS
Of the 34 animals used in the study, 14 were used during development to establish the methods de fined above. Eight cat and 12 rabbit preparations were suitable for datum analysis, Images obtained using a 340-nm excitation filter were darker than those obtained with a 370-nm filter, but rCBF esti mations were independent of the filter used. The brighter, 370-nm images gave greater visual resolu tion for accurate anatomical location ofROIs and so are the source of all data presented.
Reliability of rCBF measurements under basal conditions
From each ROI regression curve for umbelliferone, clearance values of rand r2 were derived for a monoex ponential. A scattergram comparing the r2 values ob tained from exponential regression analysis of the grey level decay in each ROI with the maximum grey-level enhancement obtained during individual clearances is shown in Fig. 2 . rCBF measurements from clearances where fluorescence enhancement was low (maximum grey-level enhancement, <20) were associated with wid ening of the 95% confidence intervals and an occasional bizarre rCBF value. Low enhancement suggested poor dye delivery, and so these clearances were rejected. rCBF values obtained where the value for r 2 from regres sion analysis was <90% (indicating nonexponential or biexponential clearance) were also rejected as inconsis tent estimations appeared. The incidence of a low r value for regression (despite adequate enhancement) increased when the area of the ROI was < 1 mm 2 (rejection, 23.5%
for ROI area <1 mm 2 vs. 3.4% for ROI area �1 mm 2 ). A grey-level enhancement of 20 and a value for r of 90%
were therefore used to define the limits of resolution of the method (Fig. 2) . Under baseline conditions, 18.4% of rCBF values were rejected according to the above crite ria. 
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mean Paco 2 , 32.9 mm Hg; Pao 2 , 111.8 mm Hg; MABP, 85.2 mm Hg; pH 7.40). The mean percentage variation of rCBF obtained from different ROIs during a single clear ance was 6.5% (range, 3.8-10.2%) for both species, and the mean variation in rCBF values from a ROI in two successive clearances was 6.9% (range, 3.8-11.5%). Rest ing CBF was compared with ROI size and no relationship found.
rCBF reactivity
With increasing Pco 2 , a wider variation and heteroge neity of rCBF values were observed in both species. This was particularly apparent when cortical swelling oc curred.
Cat. Thirty-two clearances were acquired in seven an imals whilst altering the Paco 2 between 16.1 and 65.3 mm Hg. During these changes the mean MABP recorded was 80.1 (78.2-82.9) mm Hg, and the mean rCBF reactivity measured 1.17 (0.95-2.47)%/mm Hg change in Paco 2 • Rabbit. In seven animals, Paco 2 was varied between 17.1 and 58.9 mm Hg, during which 61 clearances were acquired. The mean rCBF reactivity response recorded was 2.96 (2.18-3.75)%/mm Hg change in Paco 2 • MABP remained stable during these changes, at 81.0 (78.3-83.7) mm Hg. chymal grey-level regression analysis in cats (A) and rabbits (8) versus the peak enhancement at the beginning of paren chymal clearance of umbelliferone. Any estimates of rCBF obtained from clearances in which peak parenchymal fluo rescence was <20, and those in which the (2 values fell below 90%, were discarded (see text).
The effect of falling MABP on rCBF in three rabbits is shown in Fig. 3 . rCBF remained relatively constant until MABP fell below a mean of 64 mm Hg. At this point, autoregulation failed and rCBF fell with progressive hy potension. Quantitative pseudocolour cortical maps of rCBF from one rabbit are shown in Fig. 4 , demonstrating the fall in rCBF during progressive exsanguination ( Fig.  4A-C) . On recovering the blood pressure, rCBF estima tions showed a marked heterogeneity with patchy perfu sion.
rCBF transient response to cortical electrical stimulation
In two rabbit preparations, the clearance of umbellifer one was monitored during the application of an electrical stimulus to the cortex. Images were grabbed at 3-s inter vals over a 3-min period after administration of umbellif erone. After 30 s, bipolar cortical stimulation (5-mA square wave constant-current pulses, 50 Hz, for 5 s) was delivered to the cortex via two 250-,..., m-diameter stain less-steel needle electrodes inserted into the cortex 1 h before. Analysis of the fluorescence data suggested a lo calised, transient increase in rCBF during application of the applied stimulus (Fig. 5 ).
Baseline measurements
The mean values and 95% confidence intervals (in pa rentheses) for rCBF basal conditions are listed for both species in Table 1 . Mean resting rCBF for cats was 65.1 (55.1-75.1) ml 100 g-I min -I from 36 clearances (n = 8; mean Paco 2 , 31.5 mm Hg; Pao 2 , 114.6 mm Hg; MABP, 92.8 mm Hg; pH 7.38). Mean rCBF for rabbits was 99.5 (89.4-110) ml 100 g -1 min -1 from 85 clearances (n = 12; Scattergram of rCBF estimations versus MABP from three rabbits rendered progressively hypotensive by con trolled exsanguination. Regional rCBF was maintained until the MABP fell below 6�5 mm Hg, indicating exhaustion of autoregulatory capacity.
DISCUSSION
Early attempts to measure surface rCBF repeat edly using umbelliferone have utilised single-point photodiode probes for fluorescence detection, and although this avoids cortical trauma, the method has a highly restricted topographical resolution (Sundt and Anderson, 1980; Anderson et al., 1987) . By imaging the cortex during umbelliferone clear ance through a craniectomy, we have monitored a larger area of cortex, in which a single pixel corre sponds to approximately 1,000 /-Lm2. Advances in the software have provided quantified pseudoco loured cortical "maps" that show the rCBF pattern with a high topographical resolution and offer an opportunity to follow the evolution of these changes with time. Provisional data observing the changes in cortical blood flow patterns following middle cere bral artery occlusion in the cat support the use of the technique for such purposes (Kirkpatrick et al., 1993) . However, our analysis has indicated that re liable estimations of rCBF can be derived only if the quality of the clearance curve is assessed and is discussed further.
rCBF estimations
Under basal conditions our methods for repeated mea surements of rCBF from different ROls in the same preparation and between different preparations in the FIG. 4. Computer-generated cortical blood flow maps ob tained from the exposed right temporoparietal cortex of a rabbit in which progressive hypotension was induced by con trolled exsanguination (A-C). With pseudocolour transfor mation, quantifiable changes could be seen in which re gional rCBF was maintained at 80-150 ml1 00 g -1 min -1 at a MABP of 98 mm Hg (A) and 66 mm Hg (8) but fell to 20-60 ml 100 g-1 min-1 at a MABP of 30 mm Hg (C). Orientation: left, posterior; right, anterior; up, superior; down, inferior. J Cereb Blood Flow Metab, Vol. 14, No.6, 1994 (A)
60 80 100 120 Time (5) FIG. 5. Grey-level profiles from four ROls during electrical stimulation of the cortex (see text). The arrow indicates the time at which a bipolar cortical stimulation (5 mA/50 Hz) was started for a period of 5 s. The ROls were located 2, 5, 7, and 10 mm away from the simulating electrodes. A transient in crease in the decay of fluorescent grey levels occurred in all ROls and was most marked in the 2-and 7-mm ROls.
same species showed little variation as indicated by the narrow 95% confidence intervals achieved. Values for cortical rCBF obtained are consistent with those calcu lated using other noninvasive indicator elution techniques (Morris et aI., 1983; Schmidt-Kastner et aI., 1986; Kobari et aI., 1988; Ewing et aI., 1989) . They are considerably higher than rCBF estimations reported with hydrogen clearance [cats (Strong et aI., 1983) and rabbits (Bednar et aI., 1990; Nelson et aI., 1990) ] except where ultrathin (25to 50-f,Lm) electrodes are used (Colbassani et aI., 1989) , which do not appear to be associated with cortical spread ing depression (Verhaegen et aI., 1992) . No two methods of rCBF estimation will provide identical values, and any attempt at in vivo validation using another "invasive" technique during umbelliferone clearance will introduce errors such as those associated with cortical puncture. We have therefore cited historical data for comparison.
Our experience mirrors, in many ways, that of Ander son and colleagues (1992), who have independently de veloped a similar technique for imaging of rCBF from umbelliferone clearance. However, the estimations of rCBF in New Zealand White rabbits obtained here are considerably higher than those reported by Anderson's group. This may relate to the different paralysing agents used and the very high initial arterial oxygen tensions in their animals. By using microscopic ROIs, Anderson's group demonstrated variation in rCBF according to the perivascular location. The flow was highest in parenchy mal regions adjacent to the venules under normal physi ological conditions, and these flow values approached our estimations for rCBF. By using larger ROIs, we may have biased estimations for rCBF towards the predominant ve nous compartment.
Differences in other methodological factors need con sideration. Anderson et al. describe wide variations (2-50%) in "focal" CBF, based on flow calculations from single pixels. However, no attempt was made to assess the quality of the clearance curve from which the rCBF measurements were made. In this study, a mean variation of only 6.8% was seen between ROIs in the same cortex. When attention was paid to the factors that may result in inaccurate measurements, little heterogeneity was ob served in our rCBF measurements under basal condi tions. Important factors included the size of the ROI, which, when < 1 mm 2 , resulted in a high rejection rate (23%) due to poor exponential clearance curves. Using nonmicroscopic methods, each pixel represented approx imately 1,000 f,Lm 2 , compared to the lO-f,Lm z /pixel resolu tion achieved by Anderson et al. Errors introduced by a decreased signal-to-noise ratio may therefore be an im portant factor contributing to rCBF heterogeneity when analysing very small ROIs. We therefore consider data on the quality of fit for the clearance model as essential for the ROI being analysed. Confirmation of a purely mo noexponential clearance (r > 90%) and adequate dye delivery (grey-level enhancement >20) appears to pro vide this quality assurance.
Although wider heterogeneity of rCBF (assessed in large regions of interest) occurred after increasing the peo 2 to the extent of causing obvious brain swelling, or following recovery from profound hypotension, we inter pret these observations as reflecting parenchymal injury rather than natural physiological variation. Regions with very low rCBF can still be distinguished, but the absolute values for rCBF in these regions estimated from the flow maps may be artificially heterogeneous. The lowest rCBF that the flow maps could resolve with a high degree of reliability was 20 ml 100 g -1 min -1. Consequently, the classic "core" region of the infarct induced by middle cerebral artery occlusion in the cat appeared black (Kirk patrick et aI., 1993) . The use of more sensitive cameras may improve the lower flow range demonstrated.
Sensitivity of the method to physiological reactions of the cerebral circulation
We have demonstrated that the method is sensitive to the physiological variables influencing rCBF. Autoregu lation was clearly demonstrated, and the rCBF maps pro vided the facility for closely monitoring cortical rCBF changes accompanying global ischaemia. Carbon dioxide reactivity was also demonstrated, although our values for reactivity appear lower than those obtained using other techniques (Nelson et aI., 1990; Goadsby, 1991) . In our experiments, measurement of rCBF during hypocarbia preceded those obtained during hypercarbia, a protocol that has been noted to reduce pa z reactivity in rabbits, and may be partly responsible for our observations (Nel son et aI., 1990) . It is noteworthy that Anderson et al. (1992) also report relatively low CO 2 reactivity in rabbits using the umbelliferone imaging technique.
Detection of transient changes in reBF
By increasing the rate of image acquisition, transient changes in rCBF could be detected following electrical stimulation of the cortex. The maximum rate of image acquisition is determined by the number of averages taken for each image, by the delay introduced by the mechanical filter exchanger, if engaged, and by the time required to store an image. We found that image resolu tion was sufficient using eight averages, which allowed a maximum acquisition rate of 30 images/min through a sin gle filter. Improvement on this figure can be achieved by reducing the number of averages at the expense of spatial clarity or by introducing faster computer hardware. This may prove of value for imaging rapid fluctuations in rCBF occurring during events such as seizure activity.
Umbelliferone as a pH indicator
Umbelliferone possesses the additional property of act ing as a pH indicator (Fink and Koehler, 1970) . Thus at 340-nm excitation the dye behaves isobestically, and the emitted signal is proportional to the dye concentration and is independent of the environmental pH. At 370-nm excitation, the emitted signal is dependent on pH. It is possible that clearance analysis from 370-nm images is distorted by emission variation induced by changes in pH. However, we feel that this is unlikely, as data for clearance analysis were obtained over a period of 2 min maximum, and the high '2 values obtained support this assumption. A changing pH between two clearances will not affect the estimation of rCBF from clearance analysis, since the rate of decay of grey-level fluorescence is inde pendent of the absolute fluorescence values, and the (variable) background fluorescent signal is always mea sured immediately before each clearance is taken. We chose to process the 370-nm images because of the clarity of the image (hence avoidance of substantial cortical ves sels when defining a ROI) and greater enhancement (hence less dye requirement). Extrapolation of the same ROI onto the 340-nm image gave identical rCBF values whenever sufficiently high enhancement was achieved, hence confirming our assumptions. By calculating the ra tio of the two signals, a measure of tissue pH can be obtained (Sundt and Anderson, 1980) . In general, our 340nm images were too dark for consistent and reliable anal ysis. However, by using a more powerful light source (500-vs. 75-W xenon lamp) and a more focused ROI, quantitative images of cortical pH can be achieved from the computer-generated ratio of the two images (Ander son et al., 1992) .
Summary and future applications
Cortical imaging during umbelliferone clearance pro vides a method for repeatable and reliable quantitative measurement of rCBF with high two-dimensional spatial resolution. The present method allows large areas of cor tex to be imaged and events that change rCBF to be lo calised. Without modification, the method is proving valuable in the imaging of cortical blood flow during glob al and focal ischaemia (Kirkpatrick et al., 1993) . Atten tion to the level of fluorescence enhancement (dye deliv ery) and the quality of the elution curves is necessary to indicate which rCBF valueslflow maps can be accepted as reliable and which estimations to reject. The method has the advantage of a considerable improvement in temporal resolution over conventional indicator elution tech niques, resolving changes occurring over a few seconds. Although error in the estimation of rCBF increases at low blood flows «20 mlIOO g-I min -I), such values of rCBF are much more characteristic of core than of boundary zone ischaemia. We envisage an important application of the method in quantifying the changing rCBF patterns occurring in the periinfarct zones in focal ischaemia; there is increasing interest in (a) the origin and extent of propagation of transient depolarisation phenomena in fo cal cortical periinfarct.zones and (b) vascular reactivity to transient changes in metabolic load in such areas. For this purpose, both topographical and quantitative resolution are important, and the combination of good spatial and appropriate temporal resolution afforded by this method means that it is very well suited to such studies. We also anticipate as further applications the observation of cor tical rCBF patterns during epileptic seizures and in J Cereb Blood Flow Metab, Vol. 14, No.6, 1994 spreading depression. Our experience suggests that the method can be successfully implemented on a 386 com puter; a more general advantage of an approach based on fluorescence imaging is the potential ability of the tech nology simultaneously to capture data on, for example, other ion activities, given suitable excitation filters and dyes. The method may ultimately prove to be of greater value in the study of disordered than of normal physiol ogy.
